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A B S T R A C T

Purpose
We conducted a prospective trial to evaluate late effects in pediatric patients with low-grade
glioma (LGG) treated with conformal radiation therapy (CRT).

Patients and Methods
Between August 1997 and August 2006, 78 pediatric patients with LGG (mean age, 9.7 years;
standard deviation, �4.4 years) received 54 Gy of CRT with a 10-mm clinical target volume margin.
Tumor locations were diencephalon (n � 58), cerebral hemisphere (n � 3), and cerebellum
(n � 17). Baseline and serial evaluations were performed to identify deficits in cognition, endocrine
function, and hearing. Deficits were correlated with clinical factors and radiation dose within
specific normal tissue volumes.

Results
Cognitive effects of CRT through 5 years after CRT correlated with patient age, neurofibromatosis
type 1 status, tumor location and volume, extent of resection, and radiation dose. The effect of age
exceeded that of radiation dose; patients younger than 5 years experienced the greatest decline
in cognition. Before CRT, growth hormone (GH) secretion abnormality was diagnosed in 24% of
tested patients, and 12% had precocious puberty. The 10-year cumulative incidence of GH
replacement was 48.9%; of thyroid hormone replacement, 64.0%; of glucocorticoid replacement,
19.2%; and of gonadotropin-releasing hormone analog therapy, 34.2%. The mean � standard
errors of the cumulative incidence of hearing loss at 10 years did not exceed 5.7% � 3.3% at
any frequency.

Conclusion
To our knowledge, this is the largest series of prospectively followed children with LGG to undergo
irradiation. Adverse effects are limited and predictable for most patients; however, this study
provides additional evidence that CRT should be delayed for young patients and identifies the
potential benefits of reducing radiation dose to normal brain.

J Clin Oncol 27:3691-3697. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Pediatric patients with low-grade glioma (LGG) are
characterized by long-term survivorship and the po-
tential for late effects from tumor and treatment.
Radiotherapy is the most effective nonsurgical treat-
ment for pediatric LGG, as 5-year progression-free
survival (PFS) estimates exceed 80%.1a-4 Radio-
therapy is known to cause a broad range of ad-
verse effects that have the potential to impact
numerous functional domains and quality of
life. Cognitive dysfunction and endocrinopathy
are considered the most prevalent sequelae of
irradiation,5-7 whereas vasculopathy with stroke and
malignant transformation are more severe but
less common.8-13

Efforts to minimize sequelae, including the use
of chemotherapy as the preferred initial treatment
for younger patients, have been given priority in the
design of treatment regimens for pediatric LGG.14-18

This approach has been influenced by concern
about the adverse effects of irradiation on the basis
of earlier experiences with conventional methods.
With the advent of newer methods comes the op-
portunity to re-evaluate the effects of irradiation and
influential clinical factors.

We designed a trial to prospectively study the
central nervous system (CNS) sequelae of confor-
mal radiation therapy (CRT) in pediatric patients
with LGG and to estimate their incidence, time to
onset, and severity. Our goals were to document the
ability of CRT to preserve CNS function, to identify

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 27 � NUMBER 22 � AUGUST 1 2009

© 2009 by American Society of Clinical Oncology 3691



risk factors of treatment effects, and to provide opportunities to study
dose-volume reduction strategies and treatment regimens.

PATIENTS AND METHODS

Patients

Between August 1997 and August 2006, seventy-eight pediatric patients
(39 boys, 39 girls) diagnosed with LGG were enrolled on a phase II study of
CRT at St Jude Children’s Research Hospital. The mean age at CRT was 9.7
years (standard deviation, �4.3 years; median age, 8.9 years; range, 2.2 to 19.8
years). Patients were characterized by tumor location (central or diencephalic/
optic pathway, n � 58; cerebral hemisphere, n � 3; cerebellum, n � 17), prior
treatment with chemotherapy (n � 25), number of surgical procedures (none,
n � 13; one, n � 42; � one, n �, 23), extent of resection (no biopsy, n � 13;
biopsy, n � 30; subtotal resection, n � 35), and tumor grade (WHO grade 1,
n � 67; WHO grade 2, n � 11). Hydrocephalus was present at diagnosis in 31
patients, ventriculoperitoneal shunt was required for 29 patients, and 13 pa-
tients had documented neurofibromatosis type 1 (NF-1).

Radiation Therapy

The method of CRT has been described previously.19 Three patients
were treated with intensity-modulated radiation therapy. A dose of 54 Gy was
prescribed to the planning target volume in 1.8-Gy fractions during a period of
6 weeks. The planning target volume represented a 0.3- to 0.5-cm geometric
expansion of the clinical target volume, which was an anatomically con-
strained 10-mm expansion of the gross-residual tumor and/or tumor bed.
Cumulative and differential dose-volume curves were calculated for total
brain, supratentorial brain, infratentorial brain, left and right temporal lobes,
hypothalamus, and left and right cochleae. The mean dose was calculated for
the same volumes. (Appendix Table A1, online only).

Pre- and Post-Treatment Evaluations

The goal of this report was to describe cognitive function during the first
5 years after CRT and the incidence of hormone replacement therapy (HRT)
and hearing loss during the first 10 years after CRT. Cognitive testing used an
age-appropriate battery20-28a to assess global intellectual functioning, mem-
ory, social-emotional adjustment, academic skills, and adaptive functioning at
baseline, at 6 months, and yearly through 5 years. Additional testing was
mandated for the time periods of 7 to 8 years and 10 years after CRT. The
incidence of HRT was determined from our database that records the initia-
tion of HRT for each patient and accounts for those who were replacing
hormones at the initiation of CRT. Our method of evaluation has been previ-
ously described.29 The first 50 patients were subjected to a battery of provoc-
ative tests before and after CRT. We restricted our reporting to the baseline
assessment of growth hormone (GH) secretion of these patients. Standard
audiology was performed at baseline and every 6 months after radiation
therapy. The following frequencies were included: 0.25, 0.5, 1, 2, 3, 4, 6, and 8
kHz. At year 5 of the study, when it was recognized that hearing loss was
infrequent, the protocol was amended to reduce the frequency of evaluation to
yearly. Patients were excluded from the assessment of hearing loss if they could
not speak English. Data at specific frequencies were excluded from the analysis
if there was a pre-existing hearing deficit. The definitions for hearing loss have
been described.30 Clinical and imaging examinations were performed every 3
months for the first 2 years, every 6 months through 5 years, and then yearly
through 10 years.

Statistical Analysis

The mixed model was used to estimate the longitudinal trends and
changes of psychological and behavioral scores since CRT and to assess the
effects of clinical and demographic variables on these trends and changes.31

The volumes of two radiation therapy (RT) dose intervals (0 to 30 Gy and 30 to
60 Gy) were calculated for each patient and were included in the mixed model
as two covariate variables, by which the volume effects of low-dose and high-
dose RT could be assessed simultaneously and more accurately. Although it
was consistently shown that the volume effect of high-dose RT was greater
than that of low-dose RT for any response variables, the ratio in effect of high

and low doses could be substantially different for different response variables.
The statistical model of cumulative incidence (CI) with competing risk also
was used to estimate the needs of HRT and/or therapy for precocious puberty
for patients after they had received CRT.32 In this model, the incidence time of
a therapy was the first time that the therapy was given to the patient, and the
competing risk for the incidence was any of local or distant failures,
secondary malignancy, or death. All analyses in this study were carried out by
using the SAS statistical package (SAS for Windows, version 9.1.3; SAS Insti-
tute, Cary, NC).

RESULTS

Cognitive Effects

Psychology scores were estimated by using linear mixed models
through 5 years of follow-up. The parameter estimates for the battery
of tests are listed in Table 1. Significant improvements were noted in
the Child Behavior Checklist (CBCL) internalizing and behavioral
problem scores and in the Woodcock Johnson—Revised visual audi-
tory learning. Significant declines were noted for Wechsler Individual
Achievement Test reading and spelling and for Vineland communi-
cation. Five years after CRT, only the decline in spelling scores was
clinically significant. The average patient’s score decreased from 98 to
90 points, but 90 still represented an average-range score (average
score range, 85 to 115).

NF-1

Thirteen of the 78 patients included in this research were diag-
nosed with NF-1. They had significantly lower baseline scores for
intelligence quotient (IQ; �11.49 points; P � .0468), reading (�13.09
points; P � .0139), spelling (�12.33 points; P � .0485), and commu-
nication (�12.78 points; P � .0200). A significant decline was ob-
served in the CBCL activities scores for patients with NF-1 (�0.1222
points/mo; P� .0484). After 5 years, the average score of a patient with
NF-1 would decrease from 44.2139 to 36.8819, whereas the average
score of a patient without NF-1 would be unchanged at 44.2806
(average score range, 40 to 60).

Age at CRT

Age impacted baseline scores and change over time. Lower CBCL
school scores were observed at baseline for younger patients (0.6616
points/year of age; P � .0400). Each year of increasing age reduced the
decline in IQ by 0.0256 points per month (P � .0025; Fig 1). When
other factors were excluded, a 10-point decline in IQ 5 years after RT
would be expected for a child age 5 years at the time of irradiation.
Each year of increasing age resulted in lower (ie, improved) CBCL
externalizing (�0.0275 points/mo; P � .0039) and internalizing
(�0.0181 points/mo; P � .0362) scores.

Surgery

The impact of surgery on psychology scores was determined by
comparing patients on the basis of extent of resection (ie, no biopsy,
biopsy, or subtotal resection). Psychology scores before CRT were
significantly better for patients who underwent biopsy only compared
with subtotal resection: the affected measures included Califor-
nia Verbal Learning Test (CVLT) (P � .0212), CBCL activities
(P � .0152), behavior problems (P � .0377), and externalizing
scores (P � .0055). Extent of resection influenced change over time;
the biopsy group had worse scores in visual auditory learning
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(�0.2392 points/mo; P � .0052) compared with the subtotal resec-
tion group.

Hydrocephalus, Shunt, Pre-CRT Chemotherapy, and

the Planning Target Volume

Patients who did not have hydrocephalus had higher CVLT
scores at baseline (�5.70 points; P � .0804). Those who did not have
hydrocephalus had higher CBCL externalizing scores at baseline
(�4.3698 points; P � .0411). Pre-CRT chemotherapy had no impact
on baseline psychology scores, although those not treated with chem-
otherapy showed a trend toward higher scores on visual auditory
learning (�10.71 points; P � .0983). The size of the planning target

volume affected baseline values of reading (�0.0479 points/mL;
P � .0320), communication (�0.0720 points/mL; P � .0016), and
daily living scores (�0.0409 points/mL; P � .0628).

Radiation Dose and Volume

Models that correlated cognitive effect with radiation dose were
generated by using dose-volume data from the supratentorial, infrat-
entorial, and total brain volumes. Models could not be generated with
temporal lobe data. The relative volumes that received doses between
0 to 30 Gy and 30 to 60 Gy were the covariates. In most models, the
parameter estimate for the percent volume that received a dose (ie,
dose-volume interval) of 30 to 60 Gy (V30-60Gy) was statistically signif-
icant; whereas the significance of the dose-volume interval of 0 to 30
Gy (V0-30Gy) was inconsistent. Because of its importance and ease of
use, age was included in the models. Age had the greatest impact on
baseline values and increased the statistical significance of the longitu-
dinal estimates. Psychology measures and the P values of significant
dose-volume parameters are listed in Table 2 to demonstrate the
impact of high- and low-dose volumes across the range of measures.

Models of IQ and CBCL Externalizing Scores on the

Basis of Radiation Dosimetry

Models that included IQ and the CBCL externalizing score had
statistically significant parameter estimates for both of the dose-
volume intervals, V0-30Gy and V30-60Gy.

The equation for IQ is represented by the following expression:

IQ � 95.5545 � Age � 0.3291 � Time � � Age � 0.00273

� V0-30Gy � 0.0027 � V30-60Gy � 0.0047�,

Table 1. Models of Cognitive Effects After CRT for Pediatric Low-Grade Glioma

Evaluation
No. of Patients Who Had at

Least Two Measures

Score�

Baseline Change per Month Month 60 P †

IQ 55 98.9642 �0.0591 95.4182
Math 55 96.9703 �0.0435 94.3603
Reading 56 98.9448 �0.0989 93.0108 .0039
Spelling 56 98.2341 �0.1434 89.6301 .0014
Memory 53 47.5523 0.0164 48.5363
Behavior problems‡ 55 49.2340 �0.0556 45.8980 .0641
Externalizing‡ 58 43.9829 �0.0099 43.3889
Internalizing‡ 58 51.5753 �0.0550 48.2753 .0248
Activities 55 43.2365 0.0031 43.4225
School 53 41.8430 �0.0515 38.7530 .0479
Socialization 56 44.5348 �0.0084 44.0308
Communication 57 94.6115 �0.1308 86.7635 .0041
Composite 57 94.4170 �0.1026 88.2610 .0433
Daily living 57 94.0500 �0.0635 90.2400
Socialization 57 98.7889 �0.0559 95.4349
Visual auditory learning 30 92.2834 0.1768 102.8914 � .0001

NOTE. Instruments for each evaluation are as follows: IQ, Bayley second edition; Wechsler Preschool and Primary Scale of Intelligence revised; Wechsler
Intelligence Test for Children third edition or Wechsler Adult Intelligence Scale revised, as appropriate for age; math, reading, and spelling: Wechsler Individual
Achievement Test; memory: California Verbal Learning Test: Child Version; behavior problems, externalizing, internalizing, activities, school, socialization: Child
Behavior Checklist; communication composite, daily living, socialization: Vineland Adaptive Behavior Scale; and visual auditory learning: Woodcock Johnson revised,
visual auditory learning subtest.

Abbreviations: CRT, conformal radiation therapy; IQ, intelligence quotient.
�Score � baseline � (	change per month
 � time).
†P value for change per month.
‡Increasing scores represent worsening performance.
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Fig 1. Modeled intelligence quotient (IQ) scores after conformal radiation
therapy (CRT) by age for pediatric low-grade glioma. Age is measured in years,
and time is measured in months after the start of CRT.
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in which age at CRT was measured in years and time was measured
in months after the start of CRT. V0-30Gy and V30-60Gy were, respec-
tively, the percent volume of the supratentorial brain that received
a dose of 0 to 30 Gy and of 30 to 60 Gy. Figure 2 shows modeled
differences in IQ during the first 5 years after CRT on the basis of
age and radiation dosimetry. The ages of 4 and 12 years were
chosen along with V0-30Gy � 55.45% and V30-60Gy � 44.55% and
V0-30Gy � 90.17% and V30-60Gy � 9.83%. These values were chosen
because they represented V30-60Gy values of one standard deviation
(17.36%) above and below the mean of 27.19%, respectively.

The equation for CBCL externalizing score is represented by the
following expression:

Ext � 39.0524 � Age � 0.5603 � Time � � Age

� ��0.0296� � V0-30Gy � 0.0028 � V30-60Gy � 0.0020�,

in which age at CRT was measured in years and time was measured in
months after the start of CRT. V0-30Gy and V30-60Gy were, respectively,
the percent volume of the infratentorial brain that received a dose
between 0 to 30 Gy and 30 to 60 Gy. Appendix Figure A1 (online only)
shows modeled differences in IQ during the first 5 years after CRT on
the basis of age and radiation dosimetry. The ages of 4 and 12 years

were chosen along with V0-30Gy � 34.28% and V30-60Gy � 65.72% and
V0-30Gy � 92.14% and V30-60Gy � 7.86%. These values were chosen
because they represented V30-60Gy values of one standard deviation
(28.93%) above and below the mean of 36.79%, respectively.

Simplified models of dose and effect were developed by using
mean dose. The mean dose to specific brain volumes was found to
impact baseline and longitudinal reading and math scores. Age was
included in these models. Reading and math scores were estimated by
equations listed in Table 3.

Endocrinopathy

Pre-CRT HRT was noted and included thyroid hormone (n � 6),
glucocorticoid (n � 3), desmopressin acetate (DDAVP) (n � 2), and
gonadotropin-releasing hormone (GnRH) analog (n � 6). Provoca-
tive testing performed before CRT in 42 patients revealed that 43%
had peak GH values less than 10 ng/mL and that 24% had peak GH
values less than 7 ng/mL. The number of patients (of 50 patients total)
on HRT at baseline, at 12 months, and at 24 months, respectively, were
14, 21, and 28 for thyroid hormone replacement; seven, nine, and 11
for glucocorticoid replacement; and six, eight, and 11 for GnRH
analog. One patient required sex hormone replacement within 24
months of irradiation.

The CI (reported as mean � SE) of HRT and treatment of
precocious puberty was determined for the first 50 consecutive
patients in the series. Treatment failure and HRT before CRT were
considered competing risks. The 5- and 10-year CIs, respectively,
(and the 10-year CI for 43 patients who had a mean hypothalamus
dose � 40 Gy) of growth hormone replacement were 46.0% �
7.2% and 48.9% � 7.4% (54.7%); of thyroid hormone replace-
ment, 61.4% � 7.5% and 64.0% � 7.5% (69.1%); of glucocorti-
coid replacement, 19.2% � 5.8% and 19.2% � 5.8% (20.0%); of
DDAVP replacement, 2.1% � 2.1% and 5.2% � 3.8% (6.2%); of sex
hormone replacement, 8.0%�3.9% and 14.1%�5.0% (16.4%); and
of GnRH analog therapy, 31.8% � 7.1% and 34.2% � 7.3% (35.3%).
Two of the patients treated with GnRH analog therapy did not have
documented precocious puberty but were treated at 38.5 and 49.5
months after CRT to increase time for growth promotion. (Fig 3).

Provocative testing performed before CRT in 42 corticosteroid-
naïve patients revealed that 43% had peak GH values less than 10

Table 2. Significant Parameter Estimates to Model Decline in Psychology
Test Scores With Radiation Dose, Age, and Time After Conformal

Radiation Therapy for Pediatric Low-Grade Glioma

Dose-Volume Interval by
Psychology Test

P by Volume of Brain

Total Brain Supratentorial Infratentorial

IQ
V0-30Gy .0193 .0091 .0032
V30-60Gy .0106 .0105 .0089

Math
V0-30Gy

V30-60Gy .0705 .0165
Reading

V0-30Gy

V30-60Gy .0013 .0025 .0106
Spelling

V0-30Gy

V30-60Gy .0389 .0350
CBCL externalizing

V0-30Gy .0043 .0053 .0061
V30-60Gy .0386

Vineland communication
V0-30Gy

V30-60Gy .0481�

Visual auditory learning†
V0-30Gy .0001 .0001 .0009
V30-60Gy

NOTE. Instruments for each evaluation are as follows: IQ, Bayley second
edition; Wechsler Preschool and Primary Scale of Intelligence revised; Wech-
sler Intelligence Test for Children third edition or Wechsler Adult Intelligence
Scale revised, as appropriate for age; math, reading, and spelling: Wechsler
Individual Achievement Test; externalizing behavior: Child Behavior Checklist;
communication: Vineland Adaptive Behavior scale; and visual auditory learn-
ing: Woodcock Johnson—Revised Visual Auditory Learning subtest.

Abbreviations: V0-30Gy, percent volume between 0 to 30 Gy; V30-60Gy,
percent volume between 30 to 60 Gy; IQ, intelligence quotient; CBCL, Child
Behavior Checklist.

�Model did not include age.
†Increasing V0-30Gy resulted in improved scores.
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Fig 2. Modeled intelligence quotient (IQ) scores after conformal radiation therapy
(CRT) by age and supratentorial brain dose-volume intervals for pediatric low-grade
glioma. Age is measured in years, and time is measured in months after CRT. The
dose-volume intervals V0-30Gy and V30-60Gy represent the percent volume of the
supratentorial brain that received dose within the specified interval.
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ng/mL and that 24% had peak GH values less than 7 ng/mL. When
the first 50 patients were considered, the number of patients on
HRT at baseline, at 12 months, and at 24 months were 14, 21, and
28 for thyroid hormone replacement; seven, nine, and 11 for
glucocorticoid replacement; and six, eight, and 11 for GnRH ana-
log. One patient required GnRH replacement within 24 months
of irradiation.

Hearing Loss

Hearing loss was estimated for 74 of 78 patients; four were ex-
cluded because of early treatment failure. The median (�SD) hearing
follow-up was 61.4 � 27.9 months (range, 5.6 to 124.5 months).
Hearing loss at any frequency occurred in nine patients, transient
values greater than 25 dB were noted in 17 patients, and 48 patients
never exceeded the threshold value of 25 dB. The CI (reported as
mean � SE) of hearing loss differed by ear and did not exceed 5.7% �
3.3% (ie, 2,000 Hz) in the right ear or 4.0% � 2.8% (ie, 1000 Hz) in the
left ear when estimated at 10 years (Appendix Table A2, online only).
An analysis to determine the effect of cochlear dose on hearing loss
showed that irradiation to dose levels that exceeded 45 Gy in 16
patients resulted in statistically significantly higher rates of increased
hearing threshold in the right ear at the following frequencies (10-year
CI � 45Gy v 10-year CI � 45 Gy; reported as mean � SE): 1 kHz (0 v
15.6% � 10.7%; P � .0156), 4 kHz (0 v 15.6% � 10.7%; P � .0156), 6
kHz (0 v 19.2% � 12.9%; P � .0192), and 8 kHz (0 v 19.2% � 12.9%;

P � .0226). There was not a similar effect on the left ear, which had a
similar number of cochleae that received greater than 45 Gy. Among
the 23 patients treated with chemotherapy, increased hearing thresh-
olds were estimated at 10 years (no chemotherapy v chemotherapy;
reported as mean � SD) for 1 kHz (0 v 14.1% � 10.1%; P � .0262)
and 4kHz (0 v 14.1%�10.0%; P� .062). This effect was limited to the
right ear.

DISCUSSION

LGG is the most commonly diagnosed brain tumor in children. RT
will ultimately be required for most patients, especially those with
centrally located tumors that involve the diencephalon and optic path-
ways. Fear of adverse effects has moved caregivers and parents to
consider alternatives to RT, especially for young patients or those likely
to develop endocrine or cognitive deficits after RT. Surgery is clearly
preferred when there is an opportunity for gross total resection with
limited morbidity. Chemotherapy may be the preferred nonsurgical
therapy for patients vulnerable to the effects of radiation.14-18 The
indications include progressive tumor or residual disease after surgery.
Chemotherapy is considered optimal when the adverse effects are
minimal and a meaningful delay to irradiation can be achieved with-
out loss of function. Recent prospective trial results show that 35% to
48% of treated patients will achieve 5 years of progression-free survival
on the basis of the chosen treatment regimen.14 Choosing chemother-
apy instead of RT as the primary therapy risks neurologic deteriora-
tion in patients who are difficult to monitor in the setting of stable
imaging and may delay the treatment of pre-existing GH deficiency in
the prepubertal patient.

This research demonstrates the importance of age when cogni-
tive effects are estimated, and it adds to the cognitive profile of specific
subsets of patients, including those with NF-1.33,34 The effect of age
exceeds the effect of radiation dose. This provides guidance regarding
selection of patients for treatment, and it additionally demonstrates
the overarching influence of age and increasing deficits with time in
younger patients.35 Extent of surgery and NF-1 status most commonly
determine the pre-irradiation baseline and less often change over time.
The late effects of RT may be exaggerated when the baseline function
of the patient is not assessed. These results show the sensitivity of the
domains of visual auditory learning, adaptive behavior, problem be-
havior, and academic achievement to provide guidance for the design
of future studies.

Table 3. Models of Academic Achievement at the Time of Conformal Radiation Therapy to Specific Volumes of the Brain

Test and Volume

Score

�0 �1 �1 P �2 �2 P �3 �3 P �0 �0 P �1 �1 P

Reading*
Total brain 124.215 �.7334 .1293 �.0086 .0088 .1862 .1275 �.0001 .0161
Supratentorial brain 115.522 �.5972 .2284 �.0053 .0740 .1271 .22895 �.0001 .0252

Math*
Infratentorial brain 93.057 1.5866 .0778 .0024 .5233 �.0008 .0241 .1072 .1805 �.0001 .0442

NOTE. Score � �0 � age � �1 � dose � �2 � dose � age � �3 � time � (�0 � dose � �1).
*Wechsler Individual Achievement Test.
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Fig 3. CI of hormone replacement therapy and therapy for precocious puberty after
conformal radiation therapy (CRT) for pediatric low-grade glioma. CI, cumulative inci-
dence; GnRH, gonadotropin-releasing hormone; DDAVP, desmopressin acetate.
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With the advent of three-dimensional RT treatment planning
and delivery (which includes methods of irradiation such as three-
dimensional CRT, intensity-modulated RT, fractionated stereotactic
RT, and other techniques used to conform the prescription dose),
there is an opportunity to reassess the role of RT and to address the
controversy surrounding the age at which RT might be considered
safe, or the age at which the benefits of treatment outweigh the poten-
tial risks. A number of institutional studies of focal irradiation for
pediatric patients with LGG have been reported.1-4 Although these
studies have demonstrated excellent disease control with a reasonable
number of patients, functional outcomes are lacking.

Our long-term objective is to correlate radiation dosimetry
with functional outcomes to provide constraints for optimization
of photons when using intensity-modulated RT and to provide cri-
teria for the selection of patients for newer treatment modalities. This
research includes a decade of experience of CRT use, a standardized
approach to targeting, serial evaluation with a battery of standardized
psychological tests, provocative endocrine testing, and the evaluation
of hearing. We designed this trial to test the hypothesis that irradiation
with a 10-mm clinical target volume margin would reduce the adverse
effects of RT without affecting the rate of failure in patients with
pediatric LGG. Indeed, the 5- and 10-year estimates of event-free
survival for these patients are 87% and 74%, respectively, and the
10-year overall survival estimate is 96% (Merchant TE et al, submitted
for publication). Our results show that cognitive function is largely
preserved. When deficits are identified, factors other than RT are

contributory. Hormone deficits are predictable for patients with cen-
trally located tumors. Vigilance is required because of the high rate of
pre-CRT endocrinopathy and because of the presence of evolving
deficits during and soon after treatment. Hearing loss was uncommon
on the basis of the deployed target volume margins and common
central tumor location. Hearing loss will likely decrease in the future as
target volume margins are reduced.
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